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N. haque et al.: Improved milk yield by modifying the micro-environment in Murrah buffaloes from the jugular vein in sterile heparinised vacutainer tubes (BD VacutainertM, Uk) . Plasma was separated out by centrifuging at 3000 rpm at room temperature for 25 minutes and it was stored frozen at -20 ºC until analysis.
Milk plasma was used for estimation of milk plasminogen, plasmin and β-casein using a bovine plasminogen eLISa kit (Catalog No. eBP2211-1), a bovine plasmin ELISA kit (Catalog No. MBS755618) and a ELISA kit for β-casein in bovine milk (Catalog No. e98332BO) , respectively, procured from USCN Life Science Inc, Wuhan, China. the calcium (Ca) content in the milk was estimated using an atomic absorption spectrophotometer (Model Z-5000, Polarized Zeeman aaS, hitachi high-technologies Corporation, Tokyo, Japan). Hormonal profiles from blood plasma samples were determined using the following eLISa kits: cortisol by a "bovine cortisol eLISa kit", growth hormone (Gh) by a "bovine Gh elisa kit" (Catalog No. erk-B1008) (endocrine technologies, Fircrest Street, Newark, USa), epinephrine (e) and norepinephrine (Ne) by a 2-Cat eLISa Fast track kit (Labor Diagnostika Nord Gmbh & Co. kG, am eichenhain, Nordhorn, Germany) . Glucose was estimated in plasma samples using glucose oxidase-peroxidase (GOD-POD) kits procured from Span Diagnostics Ltd. the copper soap solvent extraction method (SHIPE et al. 1980) , with slight modifications, was adopted for estimation of plasma non-esterified fatty acids (NEFA).
Statistical analysis. Data were analyzed by the general linear model procedure (SPSS version 20.0, 2011, IBM Corporation, armonk, NY, USa) using repeated measures aNOVa with repeated measures over time and the buffalo as the experimental unit. the data generated are presented as mean with SeM. Overall differences between treatment means were considered significant when P<0.05, unless otherwise noted, and trends are discussed at P<0.10.
Results
the average maximum temperature and thI during the hot and humid season (august-September) was 34.33 ºC and 84.18, respectively (table 1). average relative humidity during the experimental period was recorded as 90.63 percent. the effect of the mist and fan cooling system on physiological parameters is shown in table 2. there was no effect from the cooling system on rt, however, it was helpful in reducing respiration and pulse rate significantly (P<0.001) in the treatment group. The skin temperature was recorded to be significantly lower (P<0.05) with the provision of mist and fan to the treatment animals during the hot and humid season.
Milk yield was significantly (P<0.05) higher in the treatment group, reflecting the fact that mist and fan cooling during the summer was helpful in alleviating environmental stress, and helped in restoring milk production (table 3) , although the milk composition and calcium concentration were unaltered in the summer. however, higher concentrations N. haque et al.: Improved milk yield by modifying the micro-environment in Murrah buffaloes (P<0.05) of plasminogen and β-casein, by 22.9 and 8.82%, respectively, and lower plasmin levels (0.213 vs 0.226 µg/mL; P<0.05) were found in the milk of buffaloes in the treatment group as compared to the control. 403 treatment 190.52198.46197.95206.47196.32 208.29 199.67 Values with different superscript in a column differ significantly, i.e., (a, b) (P<0.05); SNF = solids not fat the concentration of cortisol indicates a higher level of stress in buffaloes in the control group and it increased by 10.06% (P<0.01) during the HH season (Table 4 ). There was no cooling effect on plasma catecholamine levels during the hh season. however, significantly higher plasma GH (P<0.05) and glucose (P<0.001) and lower NEFA levels, by 11.26% (P<0.001), were recorded in the treatment group animals (Table 4 ). Values with different superscript in a column differ significantly, i.e., (a, b) (P<0.05), (c, d) (P<0.01), (e, f) (P<0.001); NEFA = Non-esterified fatty acid Discussion rectal temperature is considered to be a good measure of core body temperature and may be used as an indicator of thermal balance, to assess the adversity of the thermal environment and detect the response of animals to environmental conditions. however, the non-significant variation in RT in our present investigation may indicate a comparable inherent body temperature in both the treatment and control groups of animals. Nevertheless, the cooling system was found to be beneficial to provide comfort to the animals by significantly reducing the skin temperature in different regions, which is also supported by previous studies (aGGarWaL and SINGh, 2008; haQUe et al., 2012b) . the results of rr are in agreement with the observations of haQUe et al. (2012a); and SINGh et al. (2014) . the increase in rr in the control animals with the increasing temperature may be due to the greater demand for oxygen by the tissues in stressful conditions and the attempt to increase heat loss by evaporative cooling (aGGarWaL and SINGH, 2006) . Provision of a cooling system during the summer significantly affected the rr, implying that rr plays an important role in the thermoregulatory mechanism in relation to all the physiological reactions and body temperature. the effect of the cooling system during the summer was also found to be beneficial in maintaining pulse rate in the hh season . It has been found that an increase in pulse rate increases N. haque et al.: Improved milk yield by modifying the micro-environment in Murrah buffaloes blood flow from the core to the surface as a result of which more heat is lost by sensible (loss by conduction, convention and radiation) and insensible (loss of water by diffusion from the skin) means (MaraI et al., 2007) .
The present findings of a decline in MY during heat stress are in agreement with previous findings in cows (RHOADS et al., 2009) . When cows are subjected to heat stress, feed intake decreases. Simultaneously, maintenance requirements are increased due to activation of the thermoregulatory system. there is a need to expend energy that would otherwise be available for useful production, to maintain homeothermy. however, provision of mist and fan cooling was found to be beneficial during heat stress to restore thsi capability, and resulted in increased milk yield. A non-significant variation in milk composition was recorded in our present investigation, which is supported by NaIk et al. (2014) , who also reported no adverse effects of high ambient temperature on milk composition. however, variations in milk constituents due to heat stress were reported by several researchers (BahaShWaN, 2014) .
the higher level of plasminogen in the treatment group during the hh season indicated lower conversion of inactive plasminogen compound to active plasmin enzymes. It is well-documented that plasminogen conversion to plasmin is related to stressful conditions in lactating animals, which ultimately helps to reduce the lactation energy burden by reducing milk yield (haQUe et al., 2015) . hence it may be concluded that the cooling system in the summer was effective in minimizing environmental stress in the buffaloes. Similarly, the higher levels of plasmin in the control group in the experimental season was attributed to environmental stress induced by higher conversion of plasminogen to plasmin. Milk β-casein levels were higher (P<0.05) in the treatment group as compared to the control group in the hh season. this may indicate that there was less degradation of β-casein to β-casein fragment (βCN f 1-28) in the treatment group. Thus, the use of mist and fan cooling during the summer had a beneficial effect on the animals against seasonal stress and was found to be effective in improving milk production potential through manipulation of the PG-PL system. Several authors have shown that seasonal temperature has no effect on calcium concentrations (McaDaM and O'DeLL, 1982) , which is confirmed by our present study. However, SEVI et al. (2001) found a marked reduction in plasma Ca levels in ewes exposed to high ambient temperature, and suggested that the parathyroid hormone may be involved in this mechanism.
Plasma cortisol concentrations have been used as physiological markers of stress (MeGaheD et al., 2008) in both cattle (ChaIYaBUtr et al., 2008) and swamp buffalo (HAQUE et al., 2012a) . However, the modified management practices in our present experiment were shown to improve the status of cortisol levels. Previously, it was also shown that animals provided with access to a wallow exhibit significantly (P<0.05) lower cortisol levels than the cortisol levels of animals in the control group (khONGDee N. haque et al.: Improved milk yield by modifying the micro-environment in Murrah buffaloes et al., 2011) . the cortisol levels of buffalo with access to a wallow were also reported to be lower (aGGarWaL and SINGh, 2010) . Similar effects were also reported by VIJaYakUMar et al. (2011) .therefore, it may be concluded that provision of mist and fan during the summer provided comfort, and changed the micro-environment of the buffalo, which was evident in the blood cortisol levels.
the reports on the effect of high temperatures on Gh level are highly variable. the reduction in plasma Gh level in the control group animals during the hot humid season could be due to higher release of corticotrophin-releasing hormone (Crh). Crh stimulates somatostatin release from the hypothalamus, which can inhibit secretion of somatotropin and thyroid stimulating hormones from the pituitary, and down-regulate the thermogenic effects of both somatotropin and thyroid hormones (COLLIer et al., 2006) . aNaND and PrakaSh (2008) also found that plasma Gh concentrations and secretion rates declined in hot temperatures (35 °C). Catecholamines (epinephrine and norepinephrine) and their metabolites are used for evaluation of several types of behaviors, neuro-endocrine disorders and physiological and pathological stress situations, as neurotransmitters or as hormones (CONNOLLY et al., 1991) , and their concentrations in cattle used to be measured during heat exposure. However, the non-significant effect on catecholamine levels in our present study may be the result of acclimatization to the climatic conditions to which the buffaloes were exposed and the thermogenic effect of the hormones which prevented further increase in hormone levels in the control group of animals. the level of blood glucose depends on the nutritive value of the diet, social or environmental stress, and the physiological status of the animal (BOrGheSe, 2005) . the decrease in blood glucose levels in the control group animals found in the present investigation was probably due to high glucose utilization during the hot humid season, since there was lower quality forage to provide energy. SINGh et al. (2014) also reported that plasma glucose levels decreased by 15.69%, with an increase in thI score from 72 to 84 in lactating cows. However, SILANIKOVE (2000) reported significant increases in plasma glucose concentrations during acute heat stress exposure. the concentration of NEFA in the blood reflects the degree of adipose tissue mobilization, therefore, the greater the extent of negative energy balance, the more NeFa are released from body fat, and the higher the concentration of NeFa in the blood. Marked alterations in both carbohydrate and lipid metabolism ensure the partitioning of dietary-derived and tissue-originating nutrients toward the mammary glands. although energy balance is the main determinant of plasma NEFA concentration, other factors also have an important influence on plasma NeFa concentration (impending parturition, stress, previous nutritional history, etc.). In our present study, higher NeFa levels indicate a higher degree of lipolysis in the control group as compared to the treatment group, to maintain energy supply due to climatic stress (extreme high temperatures and humidity during the hh season).
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Conclusion
This experiment confirmed the negative effect of heat stress on the buffaloes as highlighted by down regulation in milk production performance in the control group through activation of the endogenous PG-PL system. along with this, misting and fan cooling proved to be highly effective as a cooling strategy during the hot and humid period by preventing alterations in the physio-biochemical and endocrine response, however, knowledge of animal responses to heat stress during the hot months, as well as during extreme heat events, requires further investigation and elucidation of the mechanisms may facilitate the adoption of comprehensive preventive and control measures to combat heat stress in domestic animals.
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